ABSTRACT Aims/Introduction: The aim of the present study was to investigate an appropriate level of physical activity and optimal dietary intake in older type 2 diabetes patients. Materials and Methods: The cross-sectional study enrolled 210 older type 2 diabetes patients. Participants were interviewed to obtain information on physical activity, 24-h dietary recall and typical weekly dietary patterns. Anthropometric measurements, and biochemical analysis of blood and urine were determined. Results: Moderate physical activity (either moderate leisure-time physical activity or moderate physical activity level) and diet with protein intake of ≥0.8 g/kg/day were associated with lower glycated hemoglobin and triglyceride, higher high-density lipoprotein, lower waist circumference, body mass index and body fat, as well as better serum magnesium and albumin levels in older diabetic patients. In contrast, inadequate protein intake was correlated with higher glycated hemoglobin, triglyceride, body fat percentage, waist circumference and body mass index. In addition, high physical activity with inadequate protein and magnesium intake might exacerbate magnesium deficiency, resulting in poor glycemic control in older diabetic patients. Furthermore, low physical activity and inadequate protein intake were linked with poor glycemic control, and lower high-density lipoprotein, and higher triglyceride, body fat percentage, waist circumference and body mass index. Conclusions: Moderate physical activity and adequate dietary protein intake (≥0.8 g/ kg/day) might be the optimal recommendation for better metabolic control in older adults with type 2 diabetes.
INTRODUCTION
Type 2 diabetes is a major metabolic disease, and its prevalence is increasing dramatically worldwide, particularly in aging populations 1, 2 . It is generally accepted that this upward trend is mainly attributable to a sedentary lifestyle and an unhealthy diet 3 . A healthy diet, adequate physical activity (PA) and appropriate medications are important in health management of older type 2 diabetes patients 4 . These factors are thought to be important for achieving optimal blood glucose and lipid levels, maintaining appropriate blood pressure, reducing bodyweight, and preventing or delaying diabetes-related complications, including nephropathy, in this population 5 . Indeed, conventional and novel blood glucose-lowering drugs have been developed that provide better outcomes in these patients 6 . However, there is currently no consensus in the literature regarding recommendations for appropriate PA and dietary intake that would result in optimal metabolic parameters in older type 2 diabetes patients.
Regular physical activity is a modifiable factor for reducing blood glucose levels and cardiovascular risk factors in type 2 diabetes patients 7, 8 . The American College of Sports Medicine (ACSM) and the USA Department of Health and Human Ser-vices (DHHS) recommend that all adults carry out aerobic PA at least 3 days/week with no more than two consecutive days, comprising approximately 150 min/week of moderate-intensity aerobic PA or 75 min/week of vigorous aerobic PA, or an equivalent combination of the two for health benefits 9, 10 . A study also showed that aerobic exercise alone or combined with resistance training can improve metabolic control in type 2 diabetes 11 . However, most relevant guidelines and studies are only concerned with leisure-time PA or exercise 8, 10 , and there is less emphasis on non-leisure-time PA, which comprises the majority of overall PA for older adults 12 . Thus, the total amount of might be underestimated, which could confound the relationship between PA and metabolic control in older diabetic patients. Furthermore, excessive PA could be harmful to health 13, 14 . A recent study has established that long-term excessive endurance exercise might induce adverse cardiovascular effects 13 . Physical exercise might deplete magnesium when magnesium intake is inadequate, and could therefore exacerbate magnesium deficiency and impair energy metabolism efficiency 14 . Low magnesium intake was associated with metabolic syndrome and depression among elderly type 2 diabetes patients in our previous study 15 . Adequate magnesium intake might be beneficial in diabetes prevention and management [15] [16] [17] . A higher intake of carbohydrates and a lower consumption of total fat are associated with good glycemic control in middleaged and older people with diabetes 18 . Diets with increased protein have been evaluated for weight loss, and have been shown to reduce hyperglycemia and improve cardiovascular risk factors 19 . Increased protein and reduced carbohydrates could improve glycemic regulation, body composition and lipid profile in type 2 diabetes patients 19 . However, high protein intakes have long been known to accelerate nephropathy, which is frequently observed in elderly and diabetic populations 20, 21 . To date, the minimum requirement of adequate protein intake in older type 2 diabetes is ill defined.
The objective of the present cross-sectional study was to determine appropriate PA and dietary intake in older type 2 diabetes patients. PA and dietary intake data were obtained from questionnaires. Anthropometric values, as well as biochemical determinations of blood and urine samples, were analyzed.
MATERIALS AND METHODS

Patients
Type 2 diabetes patients aged 65 years and older were enrolled in the present cross-sectional study. The patients lived in rural areas of central Taiwan, and most of them had a simple, stable lifestyle and had typical eating habits. The study design has been described previously in detail 15 . After excluding patients with a history of heart failure, cirrhosis, current malignancy, chronic renal failure or signs of serious deterioration in comprehension or memory, a total of 210 patients were included in the study (CCHIRB#090419).
Biochemical Determination
Biochemical determination including glycated hemoglobin (HbA1c), fasting and postprandial plasma glucose, high-density lipoprotein cholesterol (HDL), triglyceride, magnesium, albumin and estimated glomerular filtration rate (eGFR) were made. Assessment of glycemic control using HbA1c referred to the definitions of the National Glycohemoglobin Standardization Program (NGSP) and American Diabetes Association (ADA) 22, 23 . The recommended glycemic goals for non-pregnant adults is HbA1c <7.0%. HbA1c ≥7% is defined as not good glycemic control. HbA1c ≥8% is defined as poor glycemic control. In addition, the recommended goals for lipid control are HDL >50 mg/dL in females and >40 mg/dL in males, and triglyceride <150 mg/dL 24 . Hypomagnesemia was defined as serum magnesium <0.75 mmol/L 25 . The definition of chronic kidney disease (CKD) stages was based on guidelines for the management of CKD 26 .
Anthropometric Measurements
Anthropometric measurements included height, weight, blood pressure, waist circumference and body composition. The recommended goal for blood pressure control is <130/ 80 mmHg 24 . The Department of Health, Executive Yuan, Taiwan, has defined waist circumference ≥90 cm for men and ≥80 cm for women as abdominal adiposity. Body mass index (BMI) was also calculated (weight [kg]/height [m 2 ]). BMI exceeding 27 results in a dramatically elevated mortality risk 27 . Percentage of body fat was estimated with bioelectrical impedance analysis using TBF-410 (TANITA, Tokyo, Japan). Females with a body fat percentage >30% and males with a body fat percentage >25% were categorized as obese.
Physical Activity
Assessment of PA was based on a slightly modified version of the method used in a Finnish study 28 . Briefly, occupational PA was categorized as follows: (i) light: physically very easy, seated office work; (ii) moderate: work including standing and walking; and (iii) active: work including walking and lifting, or heavy manual labor. Daily commuting was categorized as follows: (i) using motorized transportation, or no work; (ii) walking or bicycling 1-2 min; and (iii) walking or bicycling >30 min. Self-reported leisure-time PA was classified as follows: (i) low: almost completely inactive, or doing only some minor physical activity; (ii) moderate: some moderate-intensity aerobic PA for 150-300 min/week or vigorous aerobic PA for 75-150 min/week; and (iii) high: moderate-intensity aerobic PA for >300 min/week or vigorous aerobic PA for >150 min/week 9, 29 . Physical activities were evaluated and categorized as follows: (i) low PA, defined as light levels of occupational activity, commuting (<1 min) and leisure-time PA; (ii) moderate PA, defined as only one of the three types of moderate to high PA; and (iii) high PA, defined as two or three types of moderate to high PA 
Dietary Assessment
Patients' eating habits were assessed based on 24-h dietary recall and typical weekly dietary pattern, which were collected by interview with a registered dietitian 18, 30 . Energy and nutrient intake were analyzed using the Taiwan Nutrition Database and the E-Kitchen nutritional analysis software (Nutritional Chamberlain Line, Professional Edition, version 2001/2003; E-Kitchen Inc, Taichung, Taiwan) 31 . The patients were divided into four subgroups according to protein intake: ≤0.60, 0.61-0.79, 0.80-1.00, and >1.00 g/kg/day 32, 33 . The following equations were used to determine energy requirement and balance: estimated energy requirement (EER) for an older adult was calculated from resting metabolic rate (RMR; = reference RMR 9 reference bodyweight) and physical activity level (PAL). The Taiwan Resting Energy Expenditure (REE) for people aged 65 years and older is 21.88-21.67 kcal/kg/day for men or 20.44-20.23 kcal/kg/day for women. EER for older adults (kcal/ day) = REE 9 PAL. Energy balance = energy intake -ER (kcal/day). Magnesium intake <5 mg/kg/day was defined as magnesium deficiency 34 .
Statistical Analysis
Data were analyzed by one-way ANOVA for continuous variables, and by chi-squared-test for categorical variables. Partial correlation analysis was applied to determine the correlations of dietary intake with metabolic parameters. Multiple regression analysis was applied to determine the relationships of PA and protein intake with metabolic parameters, body fat, magnesium status, and nutrition status. All statistical procedures were carried out using SPSS (version 17.0) statistical software (SPSS Inc., Chicago, IL, USA). A P-value less than 0.05 was considered statistically significant.
RESULTS
The baseline characteristics of the 210 older type 2 diabetes patients are presented in Table 1 . There were significant differences in age, hypertension medication and exercise status among the three groups (P < 0.001).
Physical Activity
Patients with moderate PA had lower HbA1c than those with high PA (P < 0.05, as shown in Table 2 ). Furthermore, patients with moderate PA had higher HDL and lower triglyceride than those with low PA (P < 0.05). Patients in the high PA subgroup had lower waist circumference and triglyceride than those in the low PA subgroup (P < 0.05). However, the high PA subgroup had higher HbA1c and lower serum magnesium than those of the other two subgroups (P < 0.05). In addition, PA was marginally correlated with BMI (P = 0.060). Physical activity was not significantly associated with fasting plasma glucose, postprandial plasma glucose or blood pressure. -test. Data are number (n), percent (%) and significant difference (P < 0.05). Comparisons of age among different physical activities were carried out by one-way ANOVA followed by Scheffe's multiple comparisons test. Data are means AE standard deviation. Significant difference (P < 0.05). Multiple comparisons: *Significant differences between low and moderate PA. †Significant differences between low and high PA. ‡Significant differences between moderate and high PA. The low PA subgroup had lower energy and magnesium intake than those in the high and moderate PA subgroups (P < 0.05). However, patients with low PA had a greater positive energy balance than those with high or moderate PA (P < 0.001). Furthermore, the low PA subgroup had a higher body fat percentage than that of the high PA subgroup (P < 0.05). There were no differences in energy and protein intake between the high and moderate PA groups. However, patients with high PA had a greater negative energy balance compared with those of the other two subgroups (P < 0.001). In addition, PA was marginally correlated with serum albumin (P = 0.068), protein intake (P = 0.065) and carbohydrate consumption (P = 0.081). Patients in the moderate PA subgroup tended to have higher serum albumin.
Dietary Intake
After adjusting for sex, age, physical activity level, smoking and alcohol consumption, negative correlations were found between protein intake and HbA1c (r = À0.149; P = 0.032), waist circumference (r = À0.220; P = 0.002), BMI (r = À0.322; P < 0.001) and body fat percentage (r = À0.289; P < 0.001). Magnesium intake was positively correlated with protein intake (r = 0.636; P < 0.001). Energy, carbohydrate and fat intake were not significantly correlated with HbA1c, blood lipids, blood pressure, waist circumference, or body fat percentage.
The subgroup with protein intake of 0.80-1.00 g/kg/day showed lower HbA1c than those with protein intake of ≤0.60 and 0.61-0.79 g/kg/day (P < 0.05), as shown in Table 3 . The subgroup with protein intake of >1.00 g/kg/day had lower triglyceride than those with protein intake of ≤0.60 and 0.61- -test. Data are number (n), percent (%) and significant difference (P < 0.05). Relationships of physical activity with metabolic parameters, body composition, magnesium status, nutrition indicators, and dietary intake were examined by multiple linear regression analysis followed by Bonferroni's multiple comparisons test. Data are adjusted mean AE standard error (SE). Significant difference (P < 0.05). *Adjusted for sex, age, energy intake, macronutrient intake, smoking, alcohol consumption and medication. †Significant differences between moderate and high PA. ‡Significant differences between low and moderate PA. §Significant differences between low and high PA. ¶Adjusted for sex, age, energy intake and protein intake. **Adjusted for sex, age, and magnesium intake. † †Adjusted for sex, age, high-sensitivity C-reactive protein, energy intake, and protein intake. ‡ ‡Adjusted for sex and age. Multiple comparisons: BMI, body mass index; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein. 0.79 g/kg/day (P < 0.05). The subgroup with protein intake of 0.61-0.79 g/kg/day had lower waist circumference, BMI and body fat than those with protein intake of ≤0.60 g/kg/day (P < 0.05). The subgroups with protein intake of 0.80-1.00 and >1.00 g/kg/day had lower waist circumference BMI, and body fat than those with protein intake of ≤0.60 and 0.61-0.79 g/kg/ day (P < 0.05). There were no significant differences in HbA1c, triglyceride, waist circumference, BMI, free fat mass, and body fat percentage between the subgroup with protein intake of 0.80-1.00 and the >1.00 g/kg/day subgroup. In addition, serum magnesium was marginally correlated with protein intake (P = 0.062). Energy, carbohydrate, fat and magnesium intake were significantly correlated with protein intake (P ≤ 0.002). Energy intake was increased with increase of protein intake (P < 0.001). The subgroup with protein intake of ≤0.60 g/kg/day had a higher carbohydrate intake and lower fat intake (% of energy), and a lower magnesium intake compared with those of the other three subgroups (P ≤ 0.008 and 0.003, respectively).
Physical Activity and Protein Intake
Combined PA with protein intake was correlated with HbA1c, triglyceride, waist circumference, BMI, body fat percentage, magnesium status and energy balance (P < 0.05), as shown in Table 4 . Combined PA with protein intake was marginally correlated with fasting plasma glucose (P = 0.072), HDL (P = 0.057), serum magnesium (P = 0.056) and serum albumin (P = 0.056). Patients were stratified into six subgroups based on PA levels and protein intake: (i) group A had low PA, and protein intake <0.8 mg/kg; (ii) group B had low PA and protein intake ≥0.8 mg/kg; (iii) group C had moderate PA, and protein intake <0.8 mg/kg; (iv) group D had moderate PA, and ≥0.8 mg/kg; (v) group E had high PA, and protein intake <0.8 mg/kg; (vi) group F had high PA, and protein intake ≥0.8 mg/kg. Group E had higher HbA1c than those in groups B, C, D and F (P < 0.05). Groups D and F had lower triglyceride than that in group A. Groups D and F also had lower waist circumference, BMI, and body fat percentage than those in the A, C, and E groups (P < 0.05). In addition, the -test. Data are number (n), percent (%) and significant difference (P < 0.05). Relationships of protein intake with metabolic parameters, body composition, serum magnesium and serum albumin were examined by multiple regression analysis. Data are adjusted mean AE standard error. Significant difference (P < 0.05). *Adjusted for sex, age, physical activity levels, smoking, alcohol consumption, energy, carbohydrate and fat intake, and medication. †Adjusted for sex, age, physical activity, and energy intake. ‡Adjusted for sex, age, physical activity, and magnesium intake. §Adjusted for sex, age, high-sensitivity C-reactive protein, and energy intake. ¶Adjusted for sex, age, and physical activity. BMI, body mass index; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein. 
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<0.001
Comparisons of categorical data among different physical activities levels and protein intakes were analyzed by v 2 -test. Data are number (n), percent (%) and significant difference (P < 0.05). Relationships of physical activity and protein intake with metabolic parameters, body composition, serum magnesium, and serum albumin were examined by multiple regression analysis. Data are adjusted mean AE standard error. Significant difference (P < 0.05). *Adjusted for sex, age, smoking, alcohol consumption, energy intake (kcal/day) and medication.
D group had higher serum magnesium than that in the E group (P < 0.05), and tended to have higher serum albumin levels.
DISCUSSION
Older type 2 diabetes patients with moderate PA (either moderate leisure-time PA or moderate PA lifestyle) and who had a diet with protein intake ≥0.8 g/kg/day were found to have optimal HbA1c, triglyceride, HDL, waist circumference, BMI, body fat, serum magnesium, and albumin. Inadequate protein intake was associated with higher HbA1c, triglyceride, body fat percentage, waist circumference and BMI. Moderate PA with inadequate protein intake appeared to be correlated with higher body fat percentage, waist circumference and BMI. High PA with inadequate protein and magnesium intake might exacerbate magnesium deficiency, resulting in poor glycemic control in older diabetic patients. Furthermore, patients with low PA and inadequate protein intake had poor glycemic control, lower HDL, as well as higher triglyceride, body fat percentage, waist circumference and BMI. In general, PA recommendations for persons with type 2 diabetes are the same as the exercise guidelines provided by the ACSM and the USA DHHS, which suggest that all adults carry out aerobic PA at least 3 days/week with no more than two consecutive days, comprising approximately 150 min/week of moderate-intensity aerobic PA or 75 min/week of vigorous aerobic PA, or an equivalent combination of the two for health benefits 9, 10 . Aerobic exercise alone or combined with resistance training improves glycemic control, lowers blood pressure and blood lipids, and reduces waist circumference in type 2 diabetes patients 11 . The present data showed patients with moderate leisure-time PA had lower HbA1c and triglyceride, and higher HDL compared with those who had high or low leisure-time PA. In addition, the present study showed 4.8% of rural older adults with diabetes in Taiwan do moderate manual labor, whereas 36.1% working in agriculture (31.4%) or fisheries (4.7%) do high manual labor. Among rural older adults with diabetes in the USA, 34.0% do gardening or yard work 35 . Rural older adults with diabetes in Taiwan might have a slightly higher PA than that of their counterparts in the USA. Therefore, in order to understand the relationship between PA and metabolic control, it is important to investigate not only leisure-time PA, but also the total amount of PA. Indeed, our data showed that overall PA was associated with metabolic control, body fat and magnesium status. Patients with moderate PA had lower HbA1c and triglyceride, higher HDL, and better serum magnesium and albumin than those with low or high PA. In patients with type 2 diabetes who carry out moderate PA or exercise, blood glucose utilization by muscles usually exceeds hepatic glucose production, and thus blood glucose levels tend to decrease 36 . Furthermore, lipid profiles could benefit more from moderate exercise intensity than from high intensity PA or high exercise intensity 37 . The present data suggest that moderate PA or leisure-time PA is more beneficial for metabolic control than high PA in older patients with type 2 diabetes.
Increased protein and reduced carbohydrates could improve metabolic control in patients with type 2 diabetes 19 . Low fat and/or high carbohydrate intake are associated with good glycemic control in middle-aged and elderly diabetic patients 18 . In the present study, carbohydrate and fat intakes were not significantly associated with metabolic control. Our data on protein intake were consistent with data from some reviews and studies that indicated higher protein in the diet could benefit metabolic control in type 2 diabetes patients 19, 38 . The present findings showed that the beneficial effects in terms of lower HbA1c and triglyceride, increased HDL levels, and reduced waist circumference, BMI, and body fat were about the same in the subgroups with protein intake 0.8-1.0 and >1.0 g/kg/day. A protein intake <0.8 g/kg/day is insufficient to meet the protein requirements of most elderly 32 . Conversely, higher protein intakes have been known to accelerate nephropathy, which is frequently observed in elderly and diabetic populations 20, 21 . The Recommended Dietary Allowance (RDA) for protein is 0.8 g/kg/day in the general population 33 . A protein intake of 1.0 g/kg/day was recommended for the elderly in the 2011 Taiwan Dietary Reference Intakes (DRI) guidelines. Some guidelines recommend increasing RDA to 1.0-1.3 g/kg/day in older adults 39 . In addition, the clinical practice guidelines suggest that RDA of dietary protein for people with diabetes and chronic kidney disease (CKD), stages 1-4, should be 0.8 g/kg/day 40 . Our data suggest that the minimum requirement for adequate protein intake might be 0.8 g/kg/day for maintenance of good metabolic control in older diabetic patients. Appropriate protein intake was approximately 0.8-1.0 g/kg/day for older type 2 diabetes patients with CKD stages 1-3. Furthermore, our data showed lower protein intake tended to be associated with lower magnesium intake and serum magnesium. Although other nutrients might also be correlated with metabolic control, our data suggest that inadequate protein and magnesium intake could cause or result from metabolic abnormalities in older adults with type 2 diabetes.
One of the major findings in the present study was that moderate PA and a diet with adequate protein (≥0.8 g/kg/day) might help older diabetic patients achieve better metabolic control. The 20% of older diabetic patients who did moderate PA and maintained a diet with adequate protein had lower HbA1c and triglyceride, higher HDL, reduced weight and body fat, and better serum magnesium and albumin. In contrast, moderate PA with inadequate protein intake seemed to be linked with higher body fat percentage, waist circumference and BMI. Moderate PA appeared to be more beneficial for metabolic control than high PA 36, 37 . Adequate dietary protein intake could improve metabolic control and reduce bodyweight 19 . Indeed, the percentages of older diabetic patients who had HbA1c <7.0% in three out of four HbA1c tests carried out over the past year in groups A, B, C, D, E, and F were 38. 13, 32, 41 . In the present study, 19% of older type 2 diabetes patients who engaged in high physical activity and ingested adequate protein showed moderate metabolic controls. Conversely, another 19% of older type 2 diabetes patients who engaged in high physical activity, but had inadequate protein, had a higher HbA1c, lower magnesium intake and serum magnesium, higher waist circumference, BMI and body fat, and a noticeable negative energy balance compared with those who engaged in high physical activity and ingested adequate protein.
The beneficial effects of higher protein intake might include increased satiety 42 , increased thermogenesis 43 , sparing of muscle protein loss 44 , enhanced glycemic control 45 and improved body composition 19, 45 . However, excessive energy expenditure could increase the protein required to compensate for the energy deficiency 46 . In addition, the present data showed that patients with high PA had higher HbA1c than those with moderate or low PA. There was no significant difference in magnesium intake between patients with high and moderate PA. Patients with low PA had lower magnesium intake. However, those with high PA had higher prevalence of hypomagnesemia. Furthermore, our data showed prevalence rates of poor glycemic control (HbA1c ≥7.0%) in hypomagnesemic patients with low, moderate, and high PA were 53.8, 46.2, and 66.7%, respectively. In the high PA subgroup, the prevalence of poor glycemic control in patients with and without hypomagnesemia was 66.7 and 50%, respectively. A study by Grylls et al. 47 showed that older diabetic patients with relatively high-intensity PA had higher HbA1c than those with low PA. High-intensity PA or a relatively low insulin concentration might trigger elevations in glucose to counter regulatory hormone levels, increase hepatic glucose production and lower glucose uptake, resulting in an increase in blood glucose levels 48, 49 . Furthermore, PA could deplete magnesium and impair metabolism efficiency when magnesium intake is insufficient 14, 50 . Metabolic abnormalities are associated with hypomagnesemia in diabetic patients 51 . The present data suggest that high PA with inadequate protein and magnesium intake could exacerbate magnesium deficiency, resulting in poor glycemic control in older type 2 diabetes patients. Older type 2 diabetes patients who engage in high PA should ingest adequate amounts of protein and magnesium in order to improve their metabolic control and magnesium status.
It is generally accepted that regulation of dietary intake and energy expenditure are impaired in older adults, which might lead to malnutrition or obesity and impair metabolic outcome 41, 52, 53 . In the present study, 16% of older diabetic patients who engaged in low levels of PA, and had lower protein and magnesium intakes had poor glycemic control, lower HDL, and higher triglyceride, body fat percentage, waist circumference, and BMI. Indeed, Iijima et al. 54 suggested that lower PA is a strong predictor of cardiovascular events in elderly patients with type 2 diabetes. Our data suggest that older type 2 diabetes patients with low PA should try to carry out and maintain moderate PA, and ingest adequate amounts of protein.
There were several limitations in the present study. First, the analyses were highly dependent on self-reported PA and dietary intake data. It is possible that overestimation, underestimation and poor recall might have confounded the results
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. Fortunately, these rural-dwelling, elderly type 2 diabetes patients tended to have similar, simple lifestyle and eating habits. The majority of our patients on farms or fisheries were able to report the quantity and quality of their food. Thus, 24-h recall might be adequate for this type of population, and can provide complete and sufficient information 18 . Furthermore, questionnaires were used to assess typical weekly dietary patterns to ensure the dietary data were consistent 30 . Second, the study participants were typical rural-dwelling, elderly type 2 diabetic patients. Our data show that moderate PA and diet with adequate protein and magnesium might improve metabolic control, which is in line with data reported in other studies 16, 17, 19, 38 . Thus, we believe that the present results are generalizable to non-rural patient populations with type 2 diabetes. Third, energy balance for an older adult was calculated from energy intake and estimated energy requirement. This might be unable to very accurately reflect the actual energy balance. Finally, although appropriate PA and protein intake could improve metabolic control in older type 2 diabetes patients, a further standardized intervention might benefit clinical outcomes in a prospectively designed study.
In conclusion, the present data suggest that moderate PA and a diet with protein intake ≥0.8 g/kg/day could be an optimal choice for better metabolic control in older type 2 diabetes patients. High PA might exacerbate magnesium deficiency, resulting in poor glycemic control when protein and magnesium intake is inadequate. Unfortunately, just 20% of the present patients had moderate PA and a diet with adequate protein. Of the patients with high PA, just 10% ingested adequate protein and magnesium. Clinicians should educate older type 2 diabetes patients about the importance of engaging in moderate PA regularly, and ingesting adequate protein and magnesium.
